Study design: This is a cohort study with 1-year follow-up. Objectives: The aim of this study was to examine 1-year rehospitalization rates following spinal cord injury (SCI) onset and health system factors affecting rehospitalization. Methods: All persons who had an acute care hospitalization for traumatic SCI in Ontario between 1 April 2003 and 31 March 2006 were identified according to International Classification of Diseases, Tenth Revision codes and followed for 1 year following acute care discharge through record linkage of administrative databases. Index cases with an SCI admission the year before 2003 as well as persons who died within 1 year after the index hospitalization were excluded from the analysis. Factors associated with 1-year rehospitalization were assessed using multivariate logistic regression analyses and included age, sex, rurality, length of stay, comorbidity, level of injury, discharge disposition, in-hospital complication, physician visits and specialist visits measure and etiology of injury. Results: A total of 559 individuals met the inclusion criteria and 27.5% (n ¼ 154) were rehospitalized 1 year after initial acute care discharge. Factors significantly associated with 1-year rehospitalization were length of stay, rural residence, 50 þ outpatient physician visits and 50 þ specialists visits following the index admission. The main causes of rehospitalization were musculoskeletal, respiratory, gastrointestinal and urological disorders. Conclusion: This study presents recent data on rehospitalization and yet rehospitalization rates continue to remain high. Our findings have significant implications for healthcare policy and planning in Ontario, Canada with respect to the management of SCI to achieve optimal health outcomes, in particular in rural areas.
Introduction
Rehospitalization following spinal cord injury (SCI) has been studied in a number of countries including the United States, Canada, 1 Turkey, 2 Britain, the Netherlands, 3 Italy 4 and Australia (Table 1) . 5 These studies have reported that approximately one-third of persons with a traumatic SCI will be rehospitalized each year. 6 These hospitalizations are not only costly to the healthcare system but also to the individual with SCI in terms of increased difficulty in obtaining or sustaining employment or becoming involved in other gainful or leisure activities and a reduced quality of life. 6 Examining the rates of and increasing our understanding of the reasons for rehospitalization is important for identifying those at greatest risk to predict the use of inpatient resources and develop preventive strategies in the long term. The US Model Systems programs have attributed the decline in annual rehospitalization rates and in length of stay (LOS) to advances in prevention of secondary medical complications and improved treatment efficiency. 7 However, as LOS decreases, the potential for increased rehospitalization becomes a concern. Also, for persons with SCI, rehospitalization is a major obstacle to independent living and maintaining gainful employment. 8 There are a number of methodological limitations with the prior studies. First, most are cross sectional and report rehospitalizations using individuals with varying lengths of time since injury. Two, many are reporting on a single center or healthcare provider thereby limiting generalizability. 2, 6, 14 Three, some have relied on patient surveys and may be subject to recall bias. 4, 7, 9, 12, 15 Another issue affecting studies examining rehospitalization is the recency of the cohort. The study by Dryden et al. identified cases over the 2-year period 1 April 1992 to 31 March 1994 and thus may not reflect improvements in the treatment of SCI in the last 14 years. Similar to this study we overcome the issue of generalizability by using a population-based cohort study of traumatic SCI in Ontario, Canada. The main objective was to examine 1-year rehospitalization rates following onset of SCI and health system factors affecting rehospitalization. We limited our analyses of rehospitalization to the first year after discharge because rates are higher in the first year. 11 This is the final study in a three-part investigation of SCI incidence, healthcare utilization and rehospitalization in Ontario, Canada.
Materials and methods

Setting
Ontario is located in central Canada and is the most populous province representing 40% of the Canadian population or 11 million inhabitants. Ontario has a universal publicly funded healthcare system.
Data sources
The administrative healthcare databases in Ontario allowed for selection of cases, determination of individual and health system factors and outcome ascertainment. Hospitalization records were obtained from the Canadian Institute for Heath Information Discharge Abstract Database, which contains a detailed record of all hospital admissions from over 200 hospitals in Ontario. Each record in the data set contains a patient's health card number, age, sex, postal code, date of admission, date of discharge, most responsible diagnostic codes as well as secondary and tertiary diagnostic codes [16] [17] [18] Charlson used statistical methodology to determine and then weigh the 16 illnesses that most predicted 1-year mortality to produce a summative scale that yields a continuous variable from 0 to 31. The scores are typically skewed far right, because most patients have a score of zero. The Charlson index is widely used in all aspects of outcome research and has been translated to an administrative data format. 19 Variables categorized as healthcare system and healthcare utilization included in-hospital complication, acute care LOS for index injury, direct discharge to short-stay or long-stay rehabilitation, ED visits, total number of outpatient physician visits during 1-year follow-up after acute care discharge (all inpatient visits were excluded) by various physician specialties (all specialists, physiatrists, neurosurgeons, urologists, internists and family physicians) and rurality. The Rurality Index of Ontario (RIO) is made up of 10 components that include measures of population size, travel times to referral centers, population to general practitioner (GP) ratios, availability of ambulance and other services, weather conditions, hospital presence and social indicators. The RIO is a scaled index between 0 and 100. Values p45 are categorized as urban and 445 are categorized as rural. 20 The primary outcome of this study was readmission to an acute care hospital within 1 year following an index admission for SCI. ICD-10 codes were examined at readmission to review reasons for readmission and to determine if the admission was due to secondary complications of SCI. ICD-10 codes were examined at readmission (1 year post-index admission) to review the main reasons for readmission and to determine if the admission was due to secondary complications of SCI. The physiatrist (CC) on our team grouped these codes by system.
Data analysis
Descriptive statistics were first employed to characterize those readmitted and not readmitted. Multivariate logistic regression analyses were used to model readmission rate to determine factors associated with readmission. All analyses were performed using SAS for UNIX, version 8.2 (SAS Institute, Cary, NC, USA). All statistical tests were performed at the 5% level of significance and were two sided. 
Results
A total of 559 incident SCI cases eligible for readmission were identified. During the 1-year follow-up period, 27.5% (n ¼ 154) patients were rehospitalized in acute care. Table 2 compares the individual level characteristics of the rehospitalized and not rehospitalized groups. Statistically significant differences were seen for age and comorbidity. Compared to their non-readmitted counterparts, readmitted patients were older (50.12 years vs 46.17 years, P ¼ 0.024), and a greater proportion had higher comorbidity scores (Charlson score of 3 þ ) (9.1 vs 2.9%, Po0.001). Table 3 compares those rehospitalized and not rehospitalized on acute care and access to care variables. Patients with SCI who were rehospitalized had a significantly longer mean acute care LOS during their initial hospitalization (31.58 vs 17.91 days, Po0.001), a higher rate of in-hospital complications (41.0 vs 55.2%) and were less likely to be discharged directly home. Patients with SCI who were rehospitalized had significantly higher healthcare utilization. They had twice as many total physician and visits with specialists than their not-rehospitalized counterparts. The mean number of total outpatient physician visits was 49.6 for the rehospitalized group (vs 25.8 for the not-rehospitalized group). The multivariate logistic regression analysis identified four factors that were statistically significantly associated with rehospitalization: longer acute care LOS, living in a rural area, having 50 or more physician visits or specialist visits (Table 4) . Patients with SCI living in a rural area were twice as likely (OR ¼ 1.94) to be rehospitalized. Patients with 50 or more physician visits or specialist visits were three and four times more likely to be rehospitalized (OR ¼ 2.95 for 50 þ specialist visits; OR ¼ 3.69 for 50 þ physician visits). We also reviewed diagnoses codes to determine the reasons for rehospitalization. The main reasons identified were musculoskeletal, respiratory, gastrointestinal and urological disorders, all associated secondary complications of SCI. These results are reported in Table 5 .
Discussion
Readmission rates following SCI are high following initial rehabilitation ranging from 19 to 57%. 11, 21, 22 We found a 1-year rehospitalization rate of 27.5% and that longer length of acute care stay, living in a rural area and 50 or more physician visits or specialist visits were significantly associated with rehospitalization. These findings indicate that patients with SCI who are rehospitalized after their acute care stay are extremely high users of physician services; the average rehospitalized patient had weekly outpatient physician visits. The main reasons for these rehospitalizations were secondary complications. The frequency of follow-up visits may reflect unease with pressures to reduce acute care and rehab LOS among medically complex patients.
There have been two studies, Australian and Canadian, that have used record linkage to examine rehospitalization following SCI. 1, 5 In the Australian study, Middleton et al.,
using data with the Royal North Shore Hospital SCI Database in New South Wales from 1989-1990 to 1999-2000 in 432 patients, reported an overall rehospitalization rate in the first 12 months after discharge of 36%. In the Canadian study, the cases were from 1992 and 1994 and, in the first year following discharge, 22.5% were rehospitalized, which is similar to the current study. This data are also consistent with the study of Johnson et al. 12 that reported that 27.2% of SCI survivors (1 January 1986 and 31 December 1993) in Colorado were rehospitalized in the first year after injury. Similarly, in a cross-sectional study using the US Model SCI System (MSCIS), 26% of patients 1-7 years after injury were hospitalized at least once in the previous year. 6 Higher rates of rehospitalization have been reported in other studies. Davidoff et al.
10 studied all patients with SCI aged 18 years and older admitted to hospital between 1 January 1983 and 31 December 1987 in a regional MSCIS. Of those not lost to follow-up at 1 year, 39% were readmitted at least once. 10 Eastwood et al. 15 Our study had a number of limitations. We examined acute care rehospitalizations only and not readmissions to inpatient rehabilitation. We do not have detailed information on the reason for the rehospitalization and no information on whether the cause was patient or provider initiated. Similarly, we do not have information on American Spinal Injury Association Impairment Scale (AIS) classification or ASIA scores, and therefore cannot make comparisons by impairment severity, nor data on functional outcomes. As the data used were administrative, we have no information on the effects of psychosocial factors, healthrelated quality of life, education or reported unmet care needs.
Our findings are significant in that they suggest that rehospitalization rates within the first year following injury have not changed in the last 14 years in Canada with about 1 in 4 persons with traumatic SCI being rehospitalized in a year. A possible explanation is that as progress in medical and rehabilitation treatment improves, and LOS decreases, patients with more complex needs are surviving, 13 which could increase the need for readmission and thus explain why there has not been a decrease in the proportion of patients rehospitalized. Thus, the high rate of physician and specialist utilization and the main reasons for rehospitalization being secondary complications indicate that current care practices are not preventing or treating these complications adequately. This is of particular concern in rural areas where there is even less access to healthcare services. Alternately, patients are being followed closely in the community, and subtle/acute changes in health prompt appropriate acute care admission for management of secondary health complications. Future research needs to provide a greater understanding of factors at the individual, healthcare provider and health system level contributing to these rehospitalizations before effective preventive strategies could be implemented that will in the long term improve the quality and cost of care for persons with SCI.
